Abstract
Introduction
Abnormalities of the duration of human pregnancy, resulting in preterm or postdate labour, are major causes of neonatal morbidity and mortality [1, 2] . A full understanding of the biochemical mechanisms underlying the onset of human parturition is required to predict and prevent early and late delivery. Considerable attention has been focused upon the endocrine and mechanical stimuli leading to the change in the myometrium from a quiescent to a contractile state. The current paradigm is that foetal cortisol production increases the synthesis of corticotrophin releasing hormone (CRH) and estrogens by the fetoplacental unit, leading to increased expression or activity of genes that increase myometrial electrical connectivity, excitability and contractility [3] . These events do not represent a sudden switch at term, but evolve throughout gestation and involve paracrine, endocrine and mechanical stimuli [4] .
A substantial body of evidence supports the link between increased cytokine synthesis and both term and preterm labour [5, 6] . Early studies suggested that prior to the onset of uterine contractions, activated inflammatory cells infiltrate both the cervix and foetal membranes. More recent data demonstrate that the inflammatory infiltration also involves the myometrium [7, 8] and that the influx of activated inflammatory cells results in an increase in the synthesis and release of cytokines and chemokines [9] [10] [11] , the former promoting the synthesis of prostaglandins and the latter further inflammatory infiltration [9] [10] [11] . [12] . NF-B is composed of homo-or heterodimeric complexes of members of the Rel family of proteins. The best studied and most abundant of these complexes is the p65:p50 heterodimer. Activation of NF-B within the uterus appears to be a key event in parturition. In the mouse, the onset of labour is associated with release of surfactant proteins from the foetal lung, indicating pulmonary maturity, which stimulates NF-B activation in the myometrium and the onset of labour. Inhibition of NF-B in the mouse delays the onset of labour [13] . [14] .
The nuclear factor-B (NF-B) transcription factor family is classically associated with inflammation and is activated in response to infection and pro-inflammatory cytokines. As a cytokine-inducible transcription factor, it plays a key role in the expression of a variety of genes involved in inflammatory responses and cell survival

In a mouse model of inflammation-associated preterm labour, the anti-inflammatory cyclopentenone prostaglandin 15-deoxy-delta prostaglandin J2 inhibits NF-B and its downstream inflammatory mediators and delays lipopolysaccharide-induced parturition
In the human, labour is associated with increased NF-B activity in amnion which precedes labour [15] . Chapman et al. [16] examined [10, 18, 19] . This 
the overall cellular expression of NF-B proteins in human myometrium and found that the principal NF-B dimers at term are p65:p50, and that there is a decrease in the overall expression of both p65 and p50 in the lower but not the upper segment in association with labour. In a subsequent study Condon et al. [17] examined NF-B p65 nuclear localization in lower-and upper-segment myometrium of women before and after the initiation of labour and found that p65 was principally cytoplasmic in tissues collected before the onset of labour but was nuclear in upper-but not lower-segment myometrium after the onset of labour. These studies suggest regionalization of the activation of NF-B within the human myometrium at the time of the onset of labour. However, most studies of labour-associated gene expression in myometrium have used lower-segment myometrial biopsies and have shown up-regulation of NF-B regulated genes such as cyclooxygenase (COX)-2, interleukin (IL)-8 and chemokines in the lower segment of the uterus beginning before the onset labour
RNA extraction
Total RNAs were isolated using RNeasy mini Kit (Qiagen, Hilden, Germany). RNA integrity and purity were assessed using a ND-1000 UVVis spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA).
Quantitative real-time PCR
Statistical analysis
For Western blotting, data densitometry was performed to quantify protein.
Either all samples were separated on the same Western blot (Fig. 1) or expression was normalized to the control value (Fig. 4) 
Results
No differences in expression of p65, IB␣ or serine-536-phospho-p65, between either the upper and lower uterine segments of the myometrium or before or after the onset of labour No significant differences were detected in total p65 protein expression between tissues derived before (n ϭ 11) or after (n ϭ 11) labour onset in lower segment (LS) myometrium, as assessed by Western immunoblot analysis (data not shown). No significant labour-associated or regional differences were detected in IB␣ expression (Fig. 1A) . Similarly, no differences in p65 expression were found when comparing matched upper segment (US) and LS myometrium either prior to or following labour onset (Fig. 1B) . G␤ levels were used to control for equal loading since expression of this protein in myometrium has been shown not to vary with labour status or region of the uterus sampled [16] . To study serine-536-phosphorylation of p65 we used an antibody for serine-536-phospho-p65 which is suitable for Western analysis but is unsuitable for immunohistochemistry. We also found no differences in overall cellular serine-536-phospho-p65 between US and LS myometrium or before or after labour (Fig. 1C ).
No differences in nuclear localization of p65 or serine-276-phospho-p65 between either the upper and lower uterine segments of the myometrium or before or after the onset of labour (Fig. 2) . Total NF-B p65 was present both in the nucleus and in the cytoplasm; however, serine-276-phospho-p65 was seen only in the nucleus in the majority, but not all of the cells. There were no differences in nuclear localization of p65 or serine-276-phospho-p65 between US or LS myometrium or before or after labour (Fig. 3) .
Overexpression of p65 results in phosphorylation, nuclear localization and DNA binding of both p65 and p50
We have previously shown that in myometrium the principal NF-B dimer that translocates to the nucleus, binds DNA and drives gene expression is the p65:p50 heterodimer [20] . (Fig. 4) .
To specifically drive NF-B gene expression, we explored overexpression of p65 and p50. We found that p65 could be reliably overexpressed, leading to increased phosphorylation, nuclear localization and DNA binding of both p65 and p50. Western immunoblotting analysis was performed on cytosolic and nuclear extracts from term myocytes transfected with p65 and/or stimulated with IL-1␤. As expected, in non-transfected cells, IL-1␤ stimulation resulted in a reduction in cytosolic p65 and a concomitant increase in nuclear p65. Likewise, IL-1␤ increased the levels of nuclear Ser536-p-p65. IL-1␤ stimulation also increased nuclear p50 and Ser337-p-p50 levels. In transfected cells overexpressing p65, there was a 380-fold increase in p65 mRNA expression measured by RT-PCR and a 1.2-fold increase in cytosolic total p65 protein levels but a 4-fold increase in p65 protein levels in the nuclear fractions. p65 overexpression also caused a 1.8-fold increase in p50 and a 1.4-fold increase in Ser337-p-p50 in the nucleus
These data show that overexpression of p65 leads to the phosphorylation and nuclear translocation of both p65 and p50 similar to that stimulated by IL-1␤. EMSA analysis with supershift using p65 and p50 antibodies showed that overexpression of p65 leads to an increase in the nucleus of both p65 homodimers and p65/p50 heterodimers (Fig. 5) .
NF-B regulates a group of immune/inflammatory genes
An Affymetrix Human Gene Chip array (HG_U95Av2) was used to characterize the change in gene expression profile of uterine © 2011 The Authors Journal of Cellular and Molecular Medicine © 2011 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd
Fig. 2 No labour-associated or regional differences in expression or nuclear localization of p65 in myometrium at term. Paraffin-embedded tissue taken from matched upper and lowersegment myometrial biopsies collected prior to (LϪ) or following (Lϩ) labour onset was subject to immunofluorescent analysis, using p65 with redfluorescent Alexa Fluor 594 dye and a-smooth muscle actin (␣-sm-actin) was visualized with green-fluorescent Alexa Fluor 488 dye. Cell nuclei were visualized with DAPI (blue). (LϪ, n ϭ 5, Lϩ, n ϭ 6). Objective lens used was x40.
Fig. 3 No labour-associated or regional differences in serine 276 phosphorylation of p65 in myometrium at term. Immunofluorescent analysis of serine 276-phosphorlyated p65 (Ser276-P-p65) expression in paraffin-embedded matched upper (US) and lower (LS) segment myometrial biopsies taken at term either prior (LϪ) or following (Lϩ) labour onset. Ser276-P-p65 was visualized with red-fluorescent Alexa Fluor 594 dye and a-smooth muscle actin (␣-sm-actin) was visualized with green-fluorescent Alexa Fluor 488 dye. Cell nuclei were visualized with DAPI (blue). (LϪ, n ϭ 3, Lϩ, n ϭ 6).
Objective lens used was x63.
Fig. 4 Overexpression of NF-B p65 increases the nuclear localization and phosphorylation of both p65 and p50. Myometrial cells were either transfected with p65 or stimulated with IL-1␤ (1 ng/mL) for 30 min. Nonstimulated cells transfected with empty vector were used as control. Separate nuclear and cytoplasmic protein fractions were used for Western analysis for serine-536-phospho-p65 (A, B), serine-337-phospho-p50 (C, D), NF-B p65 (E, F), NF-B p50 (G, H). To confirm nuclear/cytoplamsic separation Western analysis was performed on the same proteins for ␣-tubulin (cytosol specific) and Lamin b (nuclear specific) (I, J). Results were normalized against the nuclear and cytoplasmic controls ␣-tubulin and lamin-b respectively and are expressed as mean Ϯ S.E.M. (n ϭ 3). RT-PCR data showed an increase in NF-B p65 48 hrs following transfection of a p65 expression vector (K) and are expressed on a log scale as mean Ϯ S.E.M. (n ϭ 6). A time course study shows that p65 protein overexpression is maximal as early as 24 hrs but sustained for at least 48 hrs (L). myocytes (n ϭ 3 in each group) overexpressing NF-B p65 (Array Express; E-MEXP-2160). The fold-change difference for each gene was quantified by generating a gene expression ratio between p65-overexpressing and control cells. Of the genes present on the microarray profiling platform, nine were expressed only in p65-overexpressing cells (Table 2). These nine genes included p65 (RelA) itself, IL-1␤ and the chemokines CC chemokine ligand (CCL)-20, CCL-11 and chemokine (C-X-C motif) ligand (CXCL)-2. A further 33 genes showed a significant 2-fold or greater change in their expression level in p65-overexpressing cells compared to controls (Table 3). Of those 33 genes, 28 were up-regulated and 5 were down-regulated. Of the up-regulated genes, IL-8 was the most dramatically up-regulated, with an increase of 17.6-fold.
Other up-regulated genes included the chemokines CCL-2, CCL-5, CXCL1 and the cytokines IL-6 and PTX3.
Pathway analysis of the genes differentially expressed due to overexpression of NF-B p65
In (Fig. 6A) . mRNA isolated from uterine myocytes in which p65 was overexpressed also showed consistent increases in expression of all of our selected genes (Fig. 6B) . In each case, the largest increases were seen for CXCL8 and CCL20. SiRNA to p65 caused a reduction in p65 expression to levels almost undetectable on Western analysis (Fig. 7) . SiRNA to p65 reduced the effect of IL-1␤ on the expression of all the chemokines by greater than 80% (Fig. 6C) . [13, 14] . This [9, 10] and is known to be regulated by NF-B [30] . IL-8 induces chemotaxis of inflammatory cells and is particularly responsible for recruitment of neutrophils, the signature cell of the acute inflammatory response and the principal component of the labour-associated inflammatory infiltrate into myometrium [31] . CCL-20 synthesis within the uterus has also been associated with both term and preterm labour [32] . CCL-20 is the specific chemokine ligand of the CC chemokine receptor 6 [33] . It is regulated by NF-B in other cell types [34] [35] [36] [37] [38] [39, 40] . These, together with the other chemokines that we identified to be up-regulated by activation of NF-B in uterine myocytes, are likely to be responsible for the inflammatory infiltrate seen in myometrium with labour [8] .
The expression of IL-6 and IL-1␤, were also reduced by about
Results from previous studies using cDNA microarrays to examine myometrial gene expression before and after the onset of labour are not wholly consistent with each other [41, 42] . Bollapragada et al. recently compared myometrium and cervix from term pre-labour and labour samples [43] . They found that the major genes up-regulated in the uterus and cervix at the time of labour belong to inflammatory pathways and overlap considerably with the genes that we have identified to be up-regulated by NF-B. In both studies, the gene whose expression increased the most was CXCL8/IL-8.
The changes that occur within the uterus leading to the onset of labour result from the integration of endocrine and mechanical stimuli throughout pregnancy. A current concept in the human is that CRH production from the placenta rises at term, leading to an increase in oestrogen synthesis and a reduction in the rate of progesterone production. Stretch of the uterus also modulates expression of proteins such as connexins and oxytocin receptor [44, 45] , which increase myometrial responsiveness. In the mouse, a final signal to labour is increased foetal surfactant release, which stimulates NF-B activation. It is possible that a similar mechanism functions in the human since surfactant protein A is a ligand for toll-like receptor 4, which is expressed on amnion and chorion decidua [46] . Current evidence from animal models suggests that inhibition of NF-B will inhibit labour [13, 14] [47, 48] , induce calcium entry into myometrial smooth-muscle cells [49] , increasing their contractility, and stimulate phosphodiesterase activity, leading to a decrease in cAMP (adenosine monophosphate) concentrations [50] .
Many researchers have shown that individual chemokines are up-regulated within the uterus with labour [11, 32, [51] [52] [53] [54] [14, 20, 28] .
